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ABSTRACT 


Tests  were  conducted  in  the  40-in.  supersonic  wind  tunnel  and  the 
50 -in.  Mach  10  wind  tunnel  (Tunnels  A  and  C)  of  the  von  Karman  Gas 
Dynamics  Facility  to  determine  the  dynamic  stability  characteristics 
of  the  SNAP- 27  fuel  cask  configuration.  These  tests  were  conducted  at 
Mach  numbers  6  and  10  using  the  forced  oscillation  technique.  Data 
were  obtained  at  angles  of  attack  from  0  to  14  deg  for  Reynolds  num¬ 
bers,  based  on  centerbody  diameter,  ranging  from  0.  19  x  10®  to 

1. 80  X  10®. 
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SECTION  I 
INTRODUCTION 


The  SNAP-27  power  generator,  stored  externally  on  the  Lunar 
Excursion  Module  (LEM),  is  to  be  landed  on  the  moon  and  assembled  by 
the  astronauts.  In  the  event  of  an  aborted  mission,  the  SNAP- 27  fuel 
cask  will  be  separated  from  LEM  and  achieve  an  earth  orbit.  The  fuel 
cask  must,  therefore,  have  the  capability  to  re-enter  the  earth's  atmos¬ 
phere  and  to  impact  undamaged  to  avoid  radioactive  contamination  of 
the  atmosphere. 

In  support  of  an  aerodynamic  design  program  conducted  by  GE-MSD, 
static  force,  pressure,  and  dynamic  stability  tests  were  conducted  at 
AEDC  at  supersonic  and  hypersonic  speeds.  The  dynamic  stability  tests 
described  in  this  report  were  conducted  on  the  SNAP- 27  fuel  cask  con¬ 
figuration  at  Mach  numbers  6  and  10  at  Reynolds  numbers,  based  on  the 
model  centerbody  diameter,  ranging  from  0.  19  .x  10^  to  1.80  x  10^  for 
an  angle-of-attack  range  from  0  to  14  deg.  The  tests,  as  outlined  in 
Table  I,  were  conducted  using  a  small  amplitude  (±3-deg),  forced 
oscillation  balance. 


SECTION  II 
APPARATUS 


2.1  WIND  TUNNELS 

The  40-in.  supersonic  and  50-in.  Mach  10  tunnels  (Gas  Dynamic 
Wind  Tunnels,  Supersonic  (A)  and  Hypersonic  (C))  of  the  von  Karman 
Gas  Dynamics  Facility  (VKF)  are  continuous,  closed -circuit,  variable 
density  wind  tunnels.  Tunnel  A  has  a  flexible -plate -type  nozzle  which 
is  automatically  driven  to  produce  Mach  numbers  from  1.5  to  6.  The 
tunnel  has  a  40-  by  40-in.  test  section  and  operates  at  maximum  stag¬ 
nation  pressures  from  about  29  to  200  psia  at  M„  =  1.  5  to  6  and  at  stag¬ 
nation  temperatures  up  to  SOO^F  =  6).  Minimum  operating  pressures 
are  about  one-tenth  of  the  maximum. 

Tunnel  C  has  a  50-in.  -diam  contoured,  axisymmetric,  Mach  10 
nozzle  and  operates  at  stagnation  pressures  from  200  to  2000  psia  and 
at  stagnation  temperatures  up  to  about  1450'’F.  The  model  support  is 
capable  of  being  retracted  into  a  test  section  tank  which  can  be  sealed 
from  the  airflow  for  model  changes.  A  description  of  the  tunnels  and 
airflow  calibration  information  may  be  found  in  Ref.  1. 
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2.2  FORCED  OSCILLATION  BALANCE 

The  small  amplitude  (±3-deg),  forced  oscillation  balance  system 
used  in  the  test  program  is  a  one-degree-of-freedom  oscillatory  system 
incorporating  a  cross -flexure  pivot.  The  balance  (Fig.  1)  is  forced  to 
oscillate  by  an  electromagnetic  shaker  motor  located  in  the  aft  portion 
of  the  sting.  The  angular  displacement  of  the  model  is  measured  by  a 
strain-gage  bridge  moimted  on  a  cross  flexure,  and  the  input  torque  to 
the  system  is  measured  by  a  strain-gage  bridge  mounted  at  the  mini¬ 
mum  cross-sectional  area  of  the  torque  beam.  The  forcing  system  is 
equipped  with  a  feedback  control  network,  as  described  in  Ref.  2,  to 
provide  positive  amplitude  control  for  testing  either  dynamically  stable 
or  unstable  configurations. 

Because  of  the  high  stagnation  temperatures  encountered  in  Tun¬ 
nel  C,  the  sting  assembly  is  water  cooled.  The  balance  is  cooled  by 
air  which  is  directed  on  the  model  bulkhead  while  damping  measure¬ 
ments  are  not  being  made. 


2.3  MODEL 

The  model,  shown  in  Fig.  2,  was  supplied  by  the  General  Electric 
Company  and  was  constructed  of  stainless  steel.  Provisions  were  made 
to  add  ballast  fore  and  aft  to  locate  the  model  center  of  gravity  exactly 
at  the  balance  pivot  axis.  The  model  geometry  is  shown  in  Fig.  3. 


SECTION  III 
PROCEDURE 


The  motion  of  the  one-degree-of-freedom,  forced  oscillation  sys¬ 
tem  may  be  defined  by  the  equation 

[0  —  =  T  cos  cjt 

Damping- in-pitch  data  were  obtained  throughout  the  tests  at  the 
undamped  natural  frequency  of  the  model  balance  system,  whereby  the 
inertia  term  (19)  exactly  balances  the  restoring-moment  term  (M09); 
thus,  the  forcing  torque  is  precisely  equal  to  the  damping  torque  of  the 
system  for  constant  amplitude  motion.  The  method  for  computing  the 
dimensionless  damping -in -pitch  derivatives  for  the  constant  amplitude, 
forced  oscillation  tests  is  indicated  by  the  following  expressions: 


2 


AEDC-TR-66-154 


We 

M63 


T  cos  ot  (al  the  undamped  natural  frequency 
of  the  system) 

^  ~  3  ( w  V  /  (u  w ) 


Ad’> 


The  expression  for  obtaining  the  aerodynamic  viscous-damping- 
moment  parameter  is  based  on  the  premise  that  the  structural 

damping  of  a  cross -flexure  pivot  varies  inversely  with  the  frequency  of 
oscillation  {Ref.  3). 


The  change  in  model  oscillation  frequency  from  the  wind-off  to  the 
wind-on  condition  may  be  used  to  obtain  the  static  stability  derivative 
(Cm^y)  by  the  following  expressions: 

01  =  V 

=  '10.  -  M0V 
\\e^  =  [(fw/fv)'  -1] 

Ctna  =  1^10 a' 


SECTIOM  IV 

PRECISION  OF  MEASUREMENTS 


The  balance  w'as  calibrated  before  and  after  the  tests,  and  check 
calibrations  were  made  before  and  after  each  run.  In  addition,  struc¬ 
tural  damping  values  were  obtained  at  vacuum  conditions  before  the  tun¬ 
nel  entry  to  evaluate  the  still  air  damping  contribution.  The  estimated 
maximum  deviation  in  CniQ-  is  ±0.  6  and  in  Cjnq  is  ±6.0. 


SECTION  V 
RESULTS 


Figure  4  shows  the  effect  of  angle  of  attack  on  the  damping -in -pitch 
derivatives  (Cmq  +  Cma)  the  static  stability  derivative  (CniQ,)  at 
Mach  numbers  6  and  10.  The  Mach  6  damping  data  (Fig.  4a)  indicate 
the  model  to  be  stable  at  all  conditions  tested  and  the  damping  to  be  a 
nonlinear  function  of  angle  of  attack.  The  local  slope  of  the  pitching- 
moment  curve  at  Mach  6  is  shown  to  be  a  minimum  at  o  =  8  deg 
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(Fig.  4a)  for  Reynolds  numbers  0.35  x  10®  and  0.73  x  10^.  The  Mach  10 
damping  data  (Fig.  4b)  show  the  model  to  be  stable  at  the  trim  angle 
(a  =  0)  at  all  Reynolds  numbers  tested.  Increasing  angle  of  attack  (cr  =  0 
to  O'  =  5  deg)  decreases  stability,  and  the  model  is  unstable  at  o'  =  5  deg 
(Red  =  0.34  X  10®).  The  model  is  stable,  however,  at  angles  of  attack  of 
8  deg  and  above.  The  data  obtained  at  Red  =  0,58  x  10®  showed  the  model 
to  be  unstable  at  c  =6  deg;  however,  the  level  of  the  instability  was  not  ob¬ 
tained.  The  local  values  of  Cm^  obtained  at  M^,  =  10  (Fig.  4b)  are  essen¬ 
tially  invariant  with  angle  of  attack  except  at  angles  of  attack  of  about  5  or 
6  deg  (negative  damping  results)  where  a  higher  level  of  was  obtained. 

The  data  obtained  a.t  a  =  0  are  shown  in  Fig.  5  as  a  function  of  Reynolds 
number.  The  damping  derivatives  are  a  maximum  at  a  Reynolds  number 
of  about  0.  6  X  10®  for  both  Mach  numbers  tested,  and  the  Mach  10  data  are 
at  a  higher  level  than  the  Mach  6  data  at  comparable  Reynolds  numbers. 

The  static  stability  derivative  for  both  Mach  numbers  decreases  with  in¬ 
creasing  Reynolds  number  with  the  Mach  6  data  showing  a  higher  level 
than  the  Mach  10  data. 
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